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MtJLTiPLB FREOUHNCY ANTENNA 
DESCRIPTION 

5 TECHNICAL FIELD: 

This invention relates to antennas that are tunable over a range of operating 
frequencies and is especially applicable to antennas for wireless conunumcations devices. 

BACKGROUND ART: 
10 WirQlesscommumcationsdevices,vrfuchinclude cellular/mobiletdephones, portable 

telephones, global satellite communications transceivers, paging devices^ so-called personal 
distal assistants^ laptop/notebook computers, and so on are proliferating. It is sometimes 
J desirable for antennas of such devices to be capable of operation at dijBferent frequencies For 

□ example, as explained in US patent number 6,204,826, cellular/mobile telephones may need 

i J 15 to operate within different systems, such as the Global System of Mobile communications 
(GSM), which typically uses a frequency band from 880 MEiz to 960 MHZ, and the Digital 
Communications System (DCS) which typically uses a band between 1710 MHz and 1880 
j| MHz. 

s Antennas of portable/mobile equipment must be rdatively small, so they usually are 

y 20 relatively narrowband. It is known, therefore, to design such antennas to have more than one 
iU resonance frequm^, fecilitating operation in more than one frequency band. Thus^ 

|S US6,204,826 discloses an antenna comprising a meandering conductive trace formed upon 

jy a dielectric substrate. The trace comprises two segments which couple with each other to 

provide two distinct resonance frequencies. Likewise, US published patent application 
25 number 2002/0014996 discloses an antenna having a resonator element to which the signal 
feed can be connected at different locations according to the frequency range at which the 
antenna is to operate. 

These arrangements are not entirely satisfactory, however. A cellular telephone 
system might assign different frequencies to different cells and/or users. In a similar manner, 
30 a portable domestic telephone might be capable of selecting different duannds wtbin a 
prescribed band for communication vAth its own base station. In eith^ case, the antenna still 
must be sufficiently broadband to accommodate the whole of the band concerned, wiuch 
limits sensitivity and/or range. Wireless systems generally have limited bandwidth, and 
numbers of users are increasing rapidly, so co-channel interference is a major problem. 
35 Consequently, thereis aneedforanantenna which can providesatisfactoryperformanceover 



a range of frequencies wWch may be within one or more frequency bands. A further 
disadvantage of such known antennas is that the number of different frequencies is linuted. 

An object of the present invention is to at least ameliorate the problems assodated 
with such known antwrnas, or at least provide an alternative 

5 

SUMMARY OF THE INVENTION: 

According to one aspect of the present invention, there is provided an antenna having 
resonant structure comprising control means for effecting a dimensional change in the vicinity 
of the antenna element so as adjust a resonance frequency of the antenna and thereby tune the 
10 antenna for operation at different frequencies. 

The control means may comprise an dcctrode, e.g. a ground plane for the antenna. 
Altmtativdy. the electrode n«y be provided in addition to a ground plane. 

The electrode may comprise at least one conductive membrane the antenna element 
overlying the membrane, possibly with a space therebetween, and the control means may 
11 15 effect a change in the spacing between the membrane and the antenna dement, thereby to 

i jj altw the resonance fi^uency of the antenna element. 

P The means for effecting a change m spacing may comprises a second electrode and 

»3 drcwtty for applying a potaitial difference between the mwnbrane and tihe second electrode 

.p so as to deflect the membrane electrostaticaUy relative to the electrode. 

P 20 

Q BRIEF DESCRIPTION OF THE DRAWINGS: 

y An embodiment of the invention vwll now be described by way of eicample only and 

jg vwth reference to the accompanying drawings in which: 

13 Figure 1 is a det»l sectional ride ^ew of an antenna element l».ving a flejdble 

iU 25 membrane for tuning ofthe antenna over a continuous ranige of resonance frequencies 

Figure 2 is a plan view of the antenna element; 
Figures 3 and 4 are sectional views of alternative membranes; and 
Figure 5 is a graph illustrating change in phase with respect to fi^uency for the 
antenna element as the membrane is flexed. 

30 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS: 

Referring to Figures 1 and 2, an antenna comprises an antenna dement, in the form 
of a nacrostrip patch antenna element 1 1, formed upon the sud&ce of a multilayer printed 
circmt board 12 having an uppermost dielecuio layer 13, a lowermost didectric layer 14, and 
35 a middle didectric layer 1 5. The materials used for the layers may be whatever is suitable for 
the fiibrication process to be used. For example, if dienncal etdiing (micromadiirong) is to 
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be used, the layer may be gjass. Alternatively, if numericaUy controlled machining is used, 
the layers might be other insulating material, such as a combination of Teflon and fiber^ass, 
as marketed under the trade mark Duroid. 

A microstrip feed line 16, also formed upon the surface of layer 13, couples the 
5 antenna element 1 1 to a transmitter/receiver 26 which communicates RF signals to/from the 
antenna element 11. For the purposes of description, it will be assumed that the antenna is 
used to transmit signals, in which case the antenna element 1 1 is aradiator element^ butit^will 
be appreciated that it could be used to receive signals too. 

A rectangular conductive ground plane 17 having a very thin central membrane 
10 portion 17A and thicker maigins 17B extends subjacent the dielectric substrate 13 and is 
spaced from its lower suifecebyathin rectangular spacer 18 havinga central opering leaving 
a narrow air gap 1 9 between the underside of the (fielectric substrate 13 and the meraibrane 
portion 17 A. The membrane portion 17A may be a thin metal film, such as copper, or a 
13 dielectric fihn with thin metallisation layers on its opposite surfaces, 

y 15 The ground plane 1 7 lies upon the upper surface of the middle dielectric layer 1 5 

which itself is supported by the third, lowermost dielectric layer 14. The second dielectric 
layer 15 has a central rectangular opening 20, conveniently formed by chemical etdung or 
j| micromachining, forming a cavity 21 extending between the underside of the membrane 

i" portion 17A and the upper surface of the lowermost dielectric layer 14. 

O 20 A plate electrode 22. conveniently formed by metallisation, is provided within the 

m cavdty upon the upper surfece of the lowermost cEdectric ]ayer 14. 

IS The plate dectrode 22 is connected by way of a control line 23 to a frequency 

|| controUer 25 which applies a (d.c.) control vohage Vc between the dectrode 21 and the 

ground plane 17, and hence the conductive membrane portion 17A When the control 
25 voltage is applied, the resulfmg dectrical force between the dectrode 22 and the 
membrane portion 17A causes displacement of the membrane portion 17A towards to the 
dectrode 22, and thereby increasing the thickness of the air gap 19 between the membrane 
portion 17A and the underside of the uppermost didectric substrate 13. This reduces the 
effective permittivity of the substrate beneath the microwave patch antenna dement 1 1 and 
30 htcreases its resonance frequenqr. The radiated fidd of the patch antenna dement 11 
experiences an electrical phase change, the magnitude of which is proportional to the 
displacement of the membrane portion 17A, and therefore dependent upon the magnitude of 
the control voltage Vc. 

Of course, a converse arrangement could be used, with the membrane portion 17A 
35 being drawn away from the electrode 22 and decreasing the thickness of the air gap 19. 

It should be noted that the spacer 1 8, and the air gap 19 k creates, are optional. The 
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membrane 17A could Uedu-ectly against the dielectric substrate 13 and be drawn away from 
it to create the change in resonance frequency. 

Air holes may be provided in the uppermost dielectric substrate 13 and/or the 
lowermost dielectric substrate 14, so as to avoid pressure or vacuum effects resisting 
5 movement of the membrane 17 A. 

It should also be noted that the dielectric layers 13 and 14 and the ground plane 17, 
with membrane 1 7 A, separate the circuitry for applying the control voltage electrically 
from the radio frequency circuitiy, le., the nucrowavepatdi antenna element 11 and the feed 
line 1 2. Hence, there is an inherent isolation between the control and radio frequency signals, 
10 hnprovii^ the reliabiUly and reducmg the cost of implementation- 
It should be appreciated that more than one membrane could be used, rather than one. 
Also, the spacer 18 could be integral with dthcr the upper dielectric layer 3 or the 
thicker mar^ portions 17B of the membraneous ground plane 17. 
!| Although the membrane shown in Figure 1 is flat, other configurations are feasible. 

\U 15 For example. Figure 3 shows a corrugated membrane 17A', and Figure 4 shows a membrane 
!J 17A" having a flat middle section 23 and a corrugated margin 24. In either case, the 

H corrugations allow the membrane to move without necessarily stretching. Thus, these and 

other suitable configurations could be used to increase the allowable range of membrane 
, displac^ent, thus enabUng a greater range of opiating frequracies. 

p 20 Figure 5 iUtistrates> as an sample, a graph of the relationship between the radiated 

ly field phase and the antenna resonance frequency for a patch antenna element 1 1 carried by 

!S a substrate 13 having a dielectric constant of about 4. The graph shows a change in phase 

jy of about 1 50 degrees for a change in frequency from about 10 Ghz to about 1 1 GHz caused 

by deflecting the membrane by about one millimeter on average. ^.B The membrane will 
25 deflect by different amounts across its width). 

While the concomitant change in phase is not of concern here because a single antenna 
element is involved, it is of significance where a plurality of antenna elements of the kind 
disclosed herein are employed in aphased array antenna, as disclosed in copending US patent 
application No. (Attorney docket No. AP890US). 
30 The invention is predicated upon the &ct that most antenna elements, such as 

microwave patches and dipoles, are resonant structures and the resonance frequenqr is 
dependent upon the dimensions. It is pos^le, therefore, to preferentially modify the 
resonance frequency of the anterma elements. The required dimensional/geometrical 
modifications are facilitated by micromachining the microstrip patch, or its ground plane, and 
35 then using DC voltages to implement the required dim^isional/geometrical modifications. 



Although the above-described embodiment eflfects the dimensional/geometrical 
modifications by flexing a membrane subjacent a patch, it should be appreciated that they 
could be- achieved in other ways. For example, the reqmred dimennonal/geomeirical 
modifications could include changing the size of the patch, or its distance fi^om the ground 
5 plane, or the location of its feed, or introducing a shorting pin between the patch and its 
ground plane; or any other change which would effect the required change in resonance 
frequency. 

Thus, it would be possible to move the antenna instead of, or in addition to, the 
membrane in order to effect the change in the resonance firequency. 
10 The antenna elements could be dipoles or other suitable elements whose equivalent 

drcuit is a tuned dircuiL 

INDUSTRIAL APPLICABILITY 

Adjustment of the resonant frequency of an antenna element h to be used for a range 
15 of frequencies, or for diffferent bands, e.g., U.5 GHz to 12.5 GHz. Advantageously, this 
would reduce the need forabroadband antenna which would receive more noise and require 

filtering. EnAodiments of the invention can be fabricated using tediniques or processes 
nnular to those used to create integrated drcuits or/and miaosttip antennas. 
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CLAIMS: 



1. An antenna characterized bv an antenna element (1 1) and an adjacent electrode (17 A) 
and control means (22) for effecting a dimensional change of the antenna element and/or 
between the antenna element and the electrode so as to adjust a resonance jfrequency of the 
antenna and tune the antenna for operation at different frequencies. 

2. An antenna according to claim 1, characterized in that the electrode comprises a 
ground plane (17). 

3. An antenna according to claim 1 or 2, characterized in that the electrode comprises 
a membrane (17A) overlain by the antenna element (11) and the control means comprises 

iri means (22) for effecting a diange in spacing between the antenna element and membrane. 

q 

!p IS 4. An antenna according to claim 3, characterized in that the means for effecting a 

'^J change in spacing comprises circuitiy for applying a potential ^fference (VJ between the 

'i' membrane and a second electrode so as to deflect the membrane electrostatically relative to 

|g the second electrode. 
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20 5. An antenna according to claim 3 or 4, characterized in that the membrane (17A) 



13 

y 

m comprises a fl^ble metal film. 

13 

fy 6. An antenna according to claim 3 or 4, characta-ized m that the membrane (17A) 

comprises at least one conductive coating on a suriQsu^ of a flexible insulaling/dielectric film. 

25 

7. An antenna according to any of claims 3 to 6, characterized in that the membrane 
(HA) is non-planar. 

30 8. An antenna according to claim 7, characterized in that the membrane (17A0 
corrugated. 



9. An antenna according to 7, characterizedinth^ the membrane (17A0 has a flat 
middle pordon (23) and comigated mar^al portion (24). 
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ABSTRACT OF THE DISCLOSURE 



m 
b 

IS 

a 
m 



An antenna having a resonant structure, comprises an antenna element (11) and an 



5 adjacent electrode (17A) and control means (22,25) for chan^g a resonance frequency of 
the antenna element. The control means may comprise a conductive membrane (17A) spaced 
from the antenna element. The resonance frequency then is changed by flexing the 
membrane, conveniently by applying a potential diflferenoe between the membrane and an 
adjac^t control electrode. 




FIG. 3 




FIG. 5 
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